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IJ?>BKEH<B?

F_`^mgZjh^gZy � hj]ZgbaZpby� ih� klZg^ZjlbaZpbb � �BKH�� y\ey_lky

\k_fbjghc� n_^_jZpb_c� gZpbhgZevguo � hj]ZgbaZpbc � ih� klZg^ZjlbaZpbb

�hj]ZgbaZpbc�qe_gh\� BKH��� JZajZ[hldZ� f_`^mgZjh^guo� klZg^Zjlh\

h[uqgh�hkms_kl\ey_lky�q_j_a�l_ogbq_kdb_ �dhfbl_lu�BKH��DZ`^uc�qe_g

BKH�� aZbgl_j_kh\Zgguc � \� ^_yl_evghklb �� ^ey� dhlhjhc� [ue� kha^Zg

l_ogbq_kdbc � dhfbl_l�� bf__l� ijZ\h� [ulv� ij_^klZ\e_gguf � \� wlhf

dhfbl_l_�� F_`^mgZjh^gu_� ijZ\bl_evkl\_ggu_ � b� g_ijZ\bl_evkl\_ggu_

hj]ZgbaZpbb�� bf_xsb_� k\yab� k� BKH�� lZd`_� ijbgbfZxl � mqZklb_� \

jZ[hl_�� BKH� jZ[hlZ_l� \� l_kghf� khljm^gbq_kl\_ � k� F_`^mgZjh^ghc

we_dljhl_ogbq_kdhc � dhfbkkb_c� �FWD�� ih� \k_f� \hijhkZf

klZg^ZjlbaZpbb �\�h[eZklb�we_dljhl_ogbdb �

Ijh_dlu� f_`^mgZjh^guo� klZg^Zjlh\ �� ijbgylu_ � l_ogbq_kdbfb

dhfbl_lZfb �� jZkkueZxlky� qe_gZf� BKH� gZ� ]hehkh\Zgb_�� Bo

him[ebdh\Zgb_� \� dZq_kl\_� f_`^mgZjh^guo� klZg^Zjlh\ � lj_[m_l

h^h[j_gby�ih�f_gvr_c�f_j_� ���� qe_gh\�BKH��ijbgbfZxsbo � mqZklb_� \

]hehkh\Zgbb�

F_`^mgZjh^guc � klZg^Zjl�BKH� ����� [ue� jZajZ[hlZg� L_ogbq_kdbf

dhfbl_lhf� BKH/LD� ��� ©Ijh^mdlu� g_nlb� b� kfZahqgu_� fZl_jbZeuª�

Ih^dhfbl_lhf �ID���©KlZlbq_kdh_ �baf_j_gb_ �g_nlbª.

Wlh� \lhjh_� ba^Zgb_� Zggmebjm_l� b� aZf_gy_l� i_j\h_� ba^Zgb_� �BKH

������������b�y\ey_lky�_]h�l_ogbq_kdbf �i_j_kfhljhf�

BKH����khklhbl�ba�ke_^mxsbo�qZkl_c�k�h[sbf�gZa\Zgb_f �LZ[ebpu

baf_j_gbc�iZjZf_ljh\�g_nlb�

��QZklv����LZ[ebpu,�hkgh\Zggu_�gZ�ghjfZevguo�l_fi_jZlmjZo���ºK�b

60ºF

��QZklv����LZ[ebpu��hkgh\Zggu_�gZ�ghjfZevghc�l_fi_jZlmj_���ºK

Ijbeh`_gb_�:�y\ey_lky�g_hlt_fe_fhc�qZklvx�BKH����

Ijbeh`_gb_�B���lhevdh�^ey�k\_^_gby�

M>D�����������������������

>_kdjbilhju� � g_nlygZy � ijhfure_gghklv � � kujZy � g_nlv � � g_nl_ijh^mdlu�

baf_j_gb_� �lZ[ebpu ��^Zggu_�
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<<?>?GB?

LZ[ebpu�� hlghkysb_ky� d� BKH�R ��������� [ueb� jZajZ[hlZgu� \

dhgp_� ����±o� ]h^h\� b� [ueb� hkgh\Zgu� gZ� ^Zgguo� ih� kujhc� g_nlb� b

njZdpbyf� g_nlb�� him[ebdh\Zgguo � \� ����� ]h^m�� LZd`_� [ueb

bkihevah\Zgu�g_dhlhju_�[he__�iha^gb_�^Zggu_�ih�ijbjh^ghfm�[_gabgm�

ihemq_ggu_�\������]h^m��I_j_kfhlj_ggu_ �lZ[ebpu��hlghkysb_ky�d�BKH

����������� [ueb� ih^]hlh\e_gu� :f_jbdZgkdbf� bgklblmlhf � g_nlb� �:JI)

\ke_^� aZ� jZajZ[hldhc� gh\hc� [Zau� ^Zgguo� GZpbhgZevguf � ;xjh

KlZg^Zjlh\ � �KR:���Wlh� ba^Zgb_� kh^_j`Zeh� bkke_^h\Zgb_ � ���� h[jZaph\

kujhc� g_nlb� b� hqbs_gguo� g_nl_ijh^mdlh\ ��Wlb� h[jZapu� ij_^klZ\eyeb

���� \k_o� ijh^mdlh\�� ihemqZ_fuo� \� fbj_� ba� kujhc� g_nlb�� b� ���� �

hp_g_gguo� __� aZiZkh\� \� ����� ]h^m�� <� gZklhys_f� ba^Zgbb � mqblu\Zxlky

ihke_^mxsb_�im[ebdZpbb �
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L:;EBPU�BAF?J?GBC�I:J:F?LJH<�G?NLB��Q:KLV� ��

L:;EBPU�� HKGH<:GGU?� G:� GHJF:EVGUO

L?FI?J:LMJ:O����
0K�B����

0F

1 H[eZklv�jZkijhkljZg_gby

>ZggZy� qZklv� klZg^ZjlZ�BKH� ��� hlghkblky� d� lZ[ebpZf� baf_j_gbc

iZjZf_ljh\� g_nlb�� hkgh\Zgguf� gZ� ghjfZevguo� l_fi_jZlmjZo � ��ºC b

60ºF.

GhjfZevgZy� l_fi_jZlmjZ� ^ey� baf_j_gbc� g_nlb�� ijbgylZy� \

klZg^Zjl_� BKH� ����
[4 ] ,  

jZ\gZ� ��ºC b� ^he`gZ� [ulv� bkihevah\ZgZ� \

f_`^mgZjh^ghc� lhj]h\e_��H^gZdh� ijbagZ_lky�� qlh� __� bkihevah\Zgb_� g_

y\ey_lky� _s_� ih\k_f_klgh� ijbgyluf � b� ihwlhfm� kkuedb� gZ� lZ[ebpu�

hkgh\Zggu_� gZ� ��ºF, \dexq_gu� \� ^Zggmx� qZklv� klZg^ZjlZ� BKH� ���� Z

lZ[ebpu��hkgh\Zggu_�gZ���ºC, ho\Zlu\Zxlky �klZg^Zjlhf�BKH�����
[1 ] .

2 GhjfZlb\gu_�kkuedb

LZ[ebpu�� dhlhju_� nhjfbjmxl� hkgh\m� ^Zgghc� qZklb�� kh^_j`Zl

hi_qZldb�� dhlhju_� b^_glbnbpbjh\Zgu� \� ^jm]bo� ^hdmf_glZo�� mdZaZgguo

gb`_�

KlZg^Zjl� :JI 2540 Jmdh\h^kl\h� d� klZg^ZjlZf� ih� baf_j_gbx

iZjZf_ljh\� g_nlb. � =eZ\Z� ������ � IhijZ\hqgu_� dhwnnbpb_glu

baf_j_gby�h[t_fZ�

LhfZ�k�I ih�;�������1)

LhfZ�;,,,�b�;,9�������
1)

                                                          
1)�<k_�lhfZ�fh`gh�ijbh[j_klb�m�ba^Zl_e_c�American Petroleum Institute, c/o Publication  and Distribution  Section, 120 L.
Street NW, Washington DC 20005, USA, beb�American Society for Testing and Materials (ASTM), 1912 Race Street,
Philadelphia, Pa 19103, USA. GZa\Zgby�f_klguo�jZkijhkljZgbl_e_c�fh`gh�ihemqblv�\�gZpbhgZevguo�hj]ZgbaZpbyo�ih

klZg^ZjlbaZpbb��LZ[ebpu�bf_xlky�gZ�fbdjhie_gdZo��fbdjhnbevfZo�b�fZ]gblguo�e_glZo�beb�gZ��^bkd_lZo�gZ�yaud_

FORTRAN.
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>hdmf_gl� $3,�� J_^Zdlhjkdh_� jZkrbj_gb_� lhfZ� ;�� Ih^]hlh\dZ�

jZajZ[hldZ� b� dhfivxl_jgZy� ^hdmf_glZpby�� :f_jbdZgkdbc � bgklblml

g_nlb� <Zrbg]lhg�'D�������

>hdmf_gl�$3,��I_j_q_gv�hi_qZlhd�d�lZ[ebpZf���<�b���< ��:f_jbdZgkdbc

bgklblml�g_nlb��<Zrbg]lhg�'D�������

>hdmf_gl� API. Ijbf_g_gb_ � lZ[ebp � baf_j_gbc � iZjZf_ljh\ � g_nlb �

KlZg^Zjl � $3,�� ����� �=e�������� ASTM D 1250 b IP 200 (1980),

:f_jbdZgkdbc � bgklblml� g_nlb� <Zrbg]lhg� 'D�� ����� �i_j_kfhlj_g� \

bxg_�������

ASTM D 1250 LZ[ebpu�baf_j_gbc�iZjZf_ljh\�g_nlb:

LhfZ�k�I ih�;�������1

Lhf�;,�;,,�������
1)

ASTM-IP-API LZ[ebpu� baf_j_gbc � iZjZf_ljh\ � g_nlb � ^ey� e_]dbo

m]e_\h^hjh^guo � `b^dhkl_c �� ^bZiZahg� iehlghklb� hl� ������ ^h� �����

d]/eblj� ijb� ��ºC, him[ebdh\Zgu� Bgklblmlhf � g_nlb � �K,3�� \

ba^Zl_evkl\_ John Wiley and Sons, 1986.2)

IP ^hdmf_gl� �� h[� baf_j_gbb� iZjZf_ljh\� g_nlb�� Jmdh\h^kl\h � ^ey

ihevah\Zl_e_c � lZ[ebpZfb � baf_j_gbc � iZjZf_ljh\ � g_nlb � �$3,

KlZg^Zjl. 2540; IP 200; ANSI/ASTM D 1250)��Bgklblml �g_nlb ��Ehg^hg�

1984.3)

                                                          
1)�<k_�lhfZ�fh`gh�ijbh[j_klb�m�ba^Zl_e_c�American Petroleum Institute, c/o Publication  and Distribution  Section, 120 L.
Street NW, Washington DC 20005, USA, beb�American Society for Testing and Materials (ASTM), 1912 Race Street,
Philadelphia, Pa 19103, USA. GZa\Zgby�f_klguo�jZkijhkljZgbl_e_c�fh`gh�ihemqblv�\�gZpbhgZevguo�hj]ZgbaZpbyo�ih

klZg^ZjlbaZpbb��LZ[ebpu�bf_xlky�gZ�fbdjhie_gdZo��fbdjhnbevfZo�b�fZ]gblguo�e_glZo�beb�gZ��^bkd_lZo�gZ�yaud_

FORTRAN.
2)�>Zggmx�im[ebdZpbx�fh`gh�ijbh[j_klb��John Wiley  and Sons Ltd, Distribution Center, Shripney Road, Bognor Regis,
West Sussex PO22 9SA, UK, beb�m�f_klguo�dgb]hlhj]h\p_\�
3)�>Zggmx�im[ebdZpbx�fh`gh�ijbh[j_klb��Institute of Petroleum, 61 New Cavendish Street, London W1M 8AR, UK
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3 Bklhqgbdb�lZ[ebp

3.1 <� p_eyo� gZ^_`gh]h� i_j_kq_lZ� \� khhl\_lkl\bb� k� wlhc� qZklvx

klZg^ZjlZ� BKH� ���� kkuedZ� ^he`gZ� ^_eZlvky� gZ� lZ[ebpu� baf_j_gbc

g_nlb�$3,�ASTM-IP, dhlhju_�[ueb�jZajZ[hlZgu�kh\f_klgh�

a��:f_jbdZgkdbf �bgklblmlhf�g_nlb��$3,��±�KR:

b��:f_jbdZgkdbf � h[s_kl\hf� ih� bkiulZgbx � b�fZl_jbZeZf� �$670�

±�KR:

c��Bgklblmlhf �g_nlb��,3��±�<_ebdh[jblZgby

b�ijbgylu�wlbfb�hj]ZgbaZpbyfb�kh�ke_^mxsbfb�h[hagZq_gbyfb�

API STD. 2540-1980

ANSI/ASTM D 1250-80

IP 200/80

Kf��lZd`_�����

3.2 LZ[ebpu� [ueb� him[ebdh\Zgu�:f_jbdZgkdbf � bgklblmlhf � g_nlb� ih^

gZa\Zgb_f� Jmdh\h^kl\h� d� klZg^ZjlZf� ih� baf_j_gbx� iZjZf_ljh\

g_nlb.� =eZ\Z� ����.� IhijZ\hqgu_� dhwnnbpb_glu� baf_j_gby� h[t_fZ� b

:f_jbdZgkdbf � h[s_kl\hf� ih� bkiulZgbx � b� fZl_jbZeZf�� dhlhjh_

him[ebdh\Zeh� ^\Z� lhfZ� �� lhfZ� ;,� b� ;,,�� dZd� h[t_^bg_gguc� ^hdmf_glZ�

Iheguc� dhfie_dl� lZ[ebp� khklhbl� ba� ��� lhfh\� b� ghf_jZ� lZ[ebp� b

gZbf_gh\Zgby� khhl\_lkl\mxl � ghf_jZf� lhfh\�� ijb\_^_gguo� \

ijbeh`_gbb� :� ^Zgghc� � qZklb� klZg^ZjlZ� BKH� ���� � LZdb_� � im[ebdZpbb

\j_fy� hl� \j_f_gb� i_j_ba^Zxlky �� ?keb� ijb� i_j_ba^Zgbb � \� lZ[ebpm

\dexqZxlky � ihijZ\db�� lh� $3,� ^he`_g� khh[sblv� h� gbo� \� BKH�� b

^hiheg_gb_� [m^_l� ba^Zgh� ^ey� wlhc� qZklb� klZg^ZjlZ�BKH� ��� kh� kkuedhc

gZ� ihijZ\db� b� ^Zlhc� i_j_ba^Zgby ��Ihlj_[bl_eb � ^he`gu� [ulv� m\_j_gu�

qlh�hgb�bf_xl�ihke_^g__�i_j_ba^Zgb_ �

GbdZdb_� ^hiheg_gby� beb� i_j_ba^Zgby� g_� [ueb� him[ebdh\Zgu

ihke_�\uoh^Z�ij_^u^ms_c �j_^Zdpbb�^Zgghc�qZklb�klZg^ZjlZ�BKH�����gh

ihijZ\db� i_j_qbkeyxlky � \� ke_^mxsbo � im[ebdZpbyo � b
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kdhjj_dlbjh\Zggu_� agZq_gby� ^he`gu� bkihevah\Zlvky � \f_kl_� k� ^Zgghc

qZklvx�klZg^ZjlZ�BKH����

a) J_^Zdlhjkdh_� jZkrbj_gb_�lhfZ�X – Ih^]hlh\dZ�� jZajZ[hldZ� b

dhfivxl_jgZy�^hdmf_glZpby�

b)�I_j_q_gv �hi_qZlhd �d�lZ[ebpZf ���<�b���<;

c) Ijbf_g_gb_ � lZ[ebp � baf_j_gbc � iZjZf_ljh\ � g_nlb � ±� API STD.

2540 (=e���������$670�'�1250 �b�IP 200 (1980);

d) Jmdh\h^kl\h� ^ey� ihlj_[bl_e_c� lZ[ebp� baf_j_gbc� iZjZf_ljh\

g_nlb�(API STD. 2540; IP 200; ANSI/ASTM D 1250).

IJBF?Q:GB?� �.�Dhibb�imgdlh\�Z���b��b�c��h[uqgh�ijbeZ]Zxlky�d

khhl\_lkl\mxsbf� lhfZf� lZ[ebp�� hgb� lZd`_� \hkijhba\h^ylky � k� imgdlhf

d���k�^jm]bfb�ihijZ\dZfb �

3.3 Ba�lZ[ebp��gZ�dhlhju_�k^_eZgu�kkuedb�\�ijbeh`_gbb�:��ljb�gZ[hjZ

lZ[ebp

�:���<���'���$���<���&���'

23A, 23B, 24A, 24B, 24C

53A, 53B, 53D, 54A, 54B, 54C, 54D

ijbf_gyxlky� \� i_j\mx� hq_j_^v�� Hgb� ^he`gu� bkihevah\Zlvky � ^ey

i_j_kq_lZ� ihdZaZgbc� Zj_hf_ljZ� ijb� baf_j_gbyo� kbeu� ly`_klb� ih� API

beb� hlghkbl_evghc � iehlghklb� beb� iehlghklb� b� � h[t_fZ�� kgZqZeZ� qlh[u

ihemqblv� kbem� ly`_klb� ih�API ijb� ��ºF, beb� hlghkbl_evgmx� iehlghklv

60/60ºF, beb�iehlghklv�ijb� ��ºK�� khhl\_lkl\_ggh �� Z� aZl_f�gZclb� h[t_f�

kdhjj_dlbjh\Zgguc� � gZ� khhl\_lkl\mxsmx� ghjfZevgmx� l_fi_jZlmjm�

>jm]b_� lZ[ebpu�� dhlhju_� kh^_j`Zlky� \� lhf_� XI/XII �� iha\heyxl

ijhba\_klb�lhqgu_�ij_h[jZah\Zgby�baf_j_gbc�ba�h^ghc�kbkl_fu�_^bgbp

\�^jm]mx�b�ij_h[jZah\Zgby �f_`^m�dZ`ms_cky�fZkkhc�\�\ha^mo_��fZkkhc

b�h[t_fhf�
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3.4 LZ[ebpu�� gZ� dhlhju_� k^_eZgu� kkuedb� \� ijbeh`_gbb�:�� hlghkylky � d

ke_^mxsbf�^bZiZahgZf�iehlghklb �b�hlghkbl_evghc �iehlghklb�

lZ[ebpu��:�b��:��hl����º ^h��º API

lZ[ebpu��<�b��<��hl���º ^h��º API

lZ[ebpu�5D b��D: hl���º ^h���º API

lZ[ebpu���:�b���:��hl�������^h����������ºF/60ºF)

lZ[ebpu���<�b���<��hl�������^h����������ºF/60ºF)

lZ[ebpu���:�b���:��hl�����^h������d]�f
3
�ijb���ºK

lZ[ebpu���<�b���<��hl�����^h������d]�f
3
�ijb���ºK

lZ[ebpu���'�b���'��hl�����^h������d]�f
3
�ijb���ºK

3.5 >ey� agZq_gbc� gb`_� ^bZiZahgh\ �� mdZaZgguo� \� ���� b� ^h� ���d]�f
3

������d]�e�� ijb� ��ºK� g_h[oh^bfh� bkihevah\Zlv � ASTM-IP-API LZ[ebpu

baf_j_gbc� iZjZf_ljh\� g_nlb� ^ey� e_]dbo� m]e_\h^hjh^guo� `b^dhkl_c�

dhlhju_� b^_glbqgu� khhl\_lkl\mxsbf � lZ[ebpZf � f_ljbq_kdh]h� ba^Zgby

����]��$3,� ������$670�'������b� ,3� ����b�ijb\_^_gu� \�BKH�5� ��������

>ey� agZq_gbc� hlghkbl_evghc � iehlghklb� \� wd\b\Ze_glghf � ^bZiZahg_

ke_^m_l�ihevah\Zlvky �lZ[ebpZfb����b����ASTM D 1250.

LZ[ebpu�� hlghkysb_ky� d� agZq_gbyf � gb`_� wd\b\Ze_glZ� ���d]�f
3,

h[hagZqZxlky �kghkdZfb���b���\�ijbeh`_gbb�:�

3.6 Dhfivxl_jgu_ � ih^ijh]jZffu� gZ� yaud_� ANSI FORTRAN b

g_h[oh^bfZy�ijh]jZffgZy�^hdmf_glZpby �bf__lky�\�gZebqbb�^ey�dZ`^hc

ba� lZ[ebp� \� lhfZo I-X. >ZggZy� ^hdmf_glZpby � b� bgnhjfZpby� ih

ih^]hlh\d_�b�jZajZ[hld_�lZ[ebp�him[ebdh\ZgZ�\�lhf_�;�ih^� aZ]heh\dhf

³Ih^]hlh\dZ�� jZajZ[hldZ� b� ijh]jZffgZy� ^hdmf_glZpby´� �kf�

ijbf_qZgby���b���

Dhfivxl_jgu_ �ih^ijh]jZffu�gZ�yaud_�ANSI FORTRAN \dexq_gu

\� lhfZ� ;,,,� b� ;,9� ^ey� lZ[ebp� \� wlbo� lhfZo�� gh� [_a� ijhp_^mj

\hiehs_gby�

Ijh]jZffgZy� ^hdmf_glZpby � \� lhf_� ;� \dexqZ_l� ijhp_^mju

\hiehs_gby�� dhlhju_� khklZ\eyxl� i_j\bqguc � klZg^Zjl�� Wlb� ijhp_^mju
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fh]ml� [ulv� bkihevah\Zgu� ^ey� jZajZ[hldb� dhfivxl_jguo � ih^ijh]jZff

gZ�ex[hf�yaud_�ijh]jZffbjh\Zgby��LZdZy�ih^ijh]jZffZ��dhlhjZy�lhqgh

ke_^m_l� h^ghc� ba� ijhp_^mj� �\dexqZy� ki_pbZevgu_ � ^_ckl\by� ih

hdjm]e_gbx�b�mk_q_gbx��y\ey_lky�^_ckl\bl_evguf �ijbf_g_gb_f�^Zgghc

qZklb�klZg^ZjlZ�BKH����

<� lhfZ� ;,,,� b� ;,9� g_� \dexq_gu� ijhp_^mju� \hiehs_gby�� gh

ijhp_^mjZ�^ey� lZ[ebpu� ��D� \dexq_gZ� \�>hdmf_gl���� IP ih�baf_j_gbx

iZjZf_ljh\� g_nlb� ih^� gZa\Zgb_f� KlZg^Zjl� ^ey� dhjj_dlbjh\db

hij_^_e_gby� h[t_fZ� kfZahqguo� fZk_e� b� y\ey_lky� h[hkgh\Zgguf

ijbf_g_gb_f �^Zgghc�qZklb�klZg^ZjlZ�BKH����

GbdZdb_�ijhp_^mju�\hiehs_gby�beb�dhfivxl_jgu_ �ih^ijh]jZffu

g_� him[ebdh\Zgu� ^ey� lZ[ebp�� mdZaZgguo � \� ����� dhlhju_� h[_ki_qb\Zxl

\iheg_� h[hkgh\Zggh_� ijbf_g_gb_ � ^Zgghc� qZklb� klZg^ZjlZ�BKH� ��� �kf�

ijbf_qZgb_����

IJBF?Q:GBY�

��� Dhfivxl_jgu_� ih^ijh]jZffu� ^ey� lZ[ebp� ��� ��� b� ��� kh^_j`Zl

hilbfZevgu_� mkeh\by� ^ey� lh]h�� qlh[u� � ba[_`Zlv� dhjj_dlbjh\db

Zj_hf_ljZ�� ihwlhfm� \_ebqbgu� kbeu� ly`_klb API�� beb� hlghkbl_evghc

iehlghklb �beb�iehlghklb �fh]ml�[ulv��ij_^klZ\e_gu�g_ihkj_^kl\_ggh�

��� <� gZi_qZlZgguo� lZ[ebpZo �� hlghkysboky� d� i_j_kq_lm� ihdZaZgbc

Zj_hf_ljZ�� [ue� bkihevah\Zg� dhwnnbpb_gl � l_ieh\h]h� h[t_fgh]h

jZkrbj_gby� ^ey� kl_deZ� jZ\guc� ��×10-6
�K

-1
�� WlZ� \_ebqbgZ� kms_kl\_ggh

f_gvr_� mkeh\ghc � \_ebqbgu�� ijb\_^_gghc � \� klZg^Zjl_�BKH� ����
[3 ]
�� l�_�

25×10-6
�K

-1
�� WlZ� jZkoh`^_gb_� agZq_gbc� dhwnnbpb_glh\ � g_agZqbl_evgh

^ey� [hevrbgkl\Z� jZaghkl_c� l_fi_jZlmj �� hij_^_e_gguo� gZ� ijZdlbd_ �

Ijb�bkihevah\Zgbb �f_ljbq_kdbo�_^bgbp� �fh`_l�[ulv�\\_^_gZ�dhjj_dpby

^h� bkihevah\Zgby � lZ[ebp� ��:� b� ��<� \� ihdZaZgby� Zj_hf_ljh\�

khhl\_lkl\mxsbo�lj_[h\Zgbyf�klZg^ZjlZ�BKH� �����
[2 ]  , \uqblZy� � �×10-6

R�(� –15) ba� ihdZaZgbc� Zj_hf_ljZ�� ]^_� R�- ihdZaZgby� Zj_hf_ljZ�� � -
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gZ[ex^Z_fZy � l_fi_jZlmjZ�� _keb� bf__lky� kh]eZr_gb_� f_`^m

aZbgl_j_kh\Zggufb� klhjhgZfb�� qlh� jZaghklv� l_fi_jZlmj � �� –15)

^hklZlhqgZ�^ey�lh]h��qlh[u�ijbagZlv�ih]j_rghklv�agZqbl_evghc �

��� <� ijbeh`_gbb� :� d� LZ[ebpZf� baf_j_gbc � iZjZf_ljh\ � g_nlb� ^ey

e_]dbo � m]e_\h^hjh^guo � `b^dhkl_c � �kf������ ^Zxlky� ijhp_^mju

\uqbke_gby�� ^ey� dhlhjuo� fh]ml� [ulv� jZajZ[hlZgu� ih^ijh]jZffu�

dhlhju_�\hkijhba\h^yl�[hevrbgkl\h�lZ[ebqguo�agZq_gbc��MdZau\Zxlky

h]jZgbq_gby� ^ey� dZ`^hc� ijhp_^mju�� Ih^ijh]jZffu�� kha^Zggu_� gZ

hkgh\_� wlbo� ijhp_^mj�� fh]ml� bkihevah\Zlvky � ih� kh]eZkh\Zgbx� f_`^m

aZbgl_j_kh\Zggufb�klhjhgZfb�
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IJBEH@?GB?�:

�ghjfZlb\gh_�

G:A<:GBY�L:;EBP��KH>?J@:SBOKY�<�$3,�$670�,3

L:;EBP:O�BAF?J?GBC�I:J:F?LJH<�G?NLB

Ghf_jZ  lhfh\Ghf_j
lZ[ebpu

GZbf_gh\Zgb_

G_f_ljb-
q_kdb_

_^bgbpu

F_ljb�

q_kdb_

_^bgbpu

1 Khhlghr_gb_ �f_`^m �_^bgbpZfb �baf_j_gby XI/XII XI/XII
2 I_j_kq_l �l_fi_jZlmj XI/XII XI/XII
3 KbeZ � ly`_klb � ih � $3,� ijb � ���)� ijb

hlghkbl_evghc � iehlghklb � ijb � ������)� b � ijb

iehlghklb �ijb ����K

XI/XII XI/XII

4 =Zeehgu � KR: � ijb � ���)� \ � ebljZo � ijb � ���K �

[Zjj_eb � KR: � ijb � ���)� \ � dm[bq_kdbo � f_ljZo

ijb � ���K � hlghkbl_evgh � kbeu � ly`_klb � ih � $3,

ijb ����)

XI/XII

�: KujZy � g_nlv .� IhijZ\dZ � hij_^_ey_fhc � kbeu

ly`_klb � ih � $3,� d � kbe_ � ly`_klb � ih � $3,� ijb

60°F

I

�< G_nl_ijh^mdlu .�IhijZ\dZ � hij_^_ey_fhc � kbeu

ly`_klb � ih � $3,� d � kbe_ � ly`_klb � ih � $3,� ijb

60°F

II

5D KfZahqgu_ � fZkeZ .� IhijZ\dZ � hij_^_ey_fhc

kbeu � ly`_klb � ih � $3,� d � kbe_ � ly`_klb � ih � $3,

ijb ����)

XII I

6A KujZy � g_nlv .  IhijZ\dZ � d � \_ebqbg_ � h[t_fZ

ijb � ���)� hlghkbl_evgh � kbeu � ly`_klb � ih � $3,

ijb ����)

I

6B G_nl_ijh^mdlu .� IhijZ\dZ � d � \_ebqbg_ � h[t_fZ

ijb � ���)� hlghkbl_evgh � kbeu � ly`_klb � ih � $3,

ijb ����)

I I

6C 9&)� ^ey � hl^_evguo � b � ki_pbZevguo

ijbf_g_gbc �IhijZ\dZ � d � \_ebqbg_ � h[t_fZ � ijb

���)� k � mq_lhf � dhwnnbpb_glh\ � l_ieh\h]h

jZkrbj_gby �ijb ����)

I I I

6D KfZahqgu_ � fZkeZ � � IhijZ\dZ � d � \_ebqbg_

h[t_fZ � ijb � ���)� hlghkbl_evgh � kbeu � ly`_klb

ih �$3,�ijb ����)

XII I

8 Nmglu � gZ � ]Zeehg � KR:  ijb � ���)� b � � ]Zeehgu
KR: � ijb � ijb � ���)� gZ � nmgl � hlghkbl_evgh

kbeu �ly`_klb �ih �$3,�ijb ����)

XI/XII

9 Dhjhldb_ � lhggu � gZ � ����� ]Zeehgh\ � KR: � ijb

���)� b � [Zjj_ev � KR: � ijb � ���)� hlghkbl_evgh

kbeu �ly`_klb �ih �$3,�ijb ����)

XI/XII
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Ghf_jZ  lhfh\Ghf_j
lZ[ebpu

GZbf_gh\Zgb_

G_f_ljb-
q_kdb_

_^bgbpu

F_ljb�

q_kdb_

_^bgbpu

10 =Zeehgu � KR: � ijb � ���)� b � [Zjj_eb � KR: � ijb

���)� gZ � dhjhldmx � lhggm � hlghkbl_evgh � kbeu

ly`_klb �ih �$3,�ijb ����)

XI/XII

11 >ebggu_ � lhggu � gZ � ����� � ]Zeehgh\ � KR: � ijb

���)� b � gZ � [Zjj_ev � KR: � ijb � ���)

hlghkbl_evgh �kbeu �ly`_klb �ih �$3,�ijb ����)

XI/XII

12 =Zeehgu � KR: � ijb � ���)� b � � [Zjj_eb � KR: � ijb

���)� gZ � ^ebggmx � lhggm � hlghkbl_evgh � kbeu

ly`_klb �ih �$3,�ijb ����)

XI/XII

13 F_ljbq_kdb_ � lhggu � gZ � ����� ]Zeehgh\ � KR:

ijb � ���)� b � gZ � � [Zjj_ev � KR: � ijb � ���)

hlghkbl_evgh �kbeu �ly`_klb �ih �$3,�ijb ����)

XI/XII

14 Dm[bq_kdb_ � f_lju � ijb � ���&� gZ � dhjhldmx

lhggm � b � gZ � ^ebggmx � lhggm � hlghkbl_evgh � kbeu

ly`_klb �ih �$3,�ijb ����)

XI/XII

21 Hlghkbl_evgZy � iehlghklv � ������)� ijb � kbe_

ly`_klb �ih � $3,�ijb � ���)�b �ijb �iehlghklb �ijb

15°C

XI/XII XI/XII 3 )

22 =Zeehgu � KR: � ijb � ���)� \ � ebljZo � ijb � ���&� b

[Zjj_eb � KR: � ijb � ���)� \ � dm[bq_kdbo � f_ljZo

ijb � ���&� k � mq_lhf � hlghkbl_evghc � iehlghklb

60/60°F

XI

23A KujZy � g_nlv � � IhijZ\dZ � d � \_ebqbg_

hij_^_ey_fhc � hlghkbl_evghc � iehlghklb � ijb

hlghkbl_evghc �iehlghklb �������)

IV

��< G_nl_ijh^mdlu � � IhijZ\dZ � d � \_ebqbg_

hij_^_ey_fhc � hlghkbl_evghc � iehlghklb � ijb

hlghkbl_evghc �iehlghklb �ijb �������)

V

��: KujZy � g_nlv �IhijZ\dZ � gZ � h[t_f � ijb � ���)� k

mq_lhf �hlghkbl_evghc �iehlghklb �������)

IV

��< G_nl_ijh^mdlu � � IhijZ\dZ � gZ � h[t_f � ijb � ���)

k �mq_lhf �hlghkbl_evghc �iehlghklb �������)

V

��K VCF1 ) ^ey � hl^_evguo � b � ki_pbZevguo

ijbf_g_gbc � � IhijZ\dZ � gZ � h[t_f � ijb � ���)� k

mq_lhf � dhwnnbpb_glh\ � l_ieh\h]h � jZkrbj_gby

ijb ����)

VI

26 Nmglu � gZ � � ]Zeehg � KR: � ijb � ���)� b � � ]Zeehgu

KR: � ijb � ���)� gZ � nmgl � k � mq_lhf

hlghkbl_evghc �iehlghklb �������)

XI/XII

27 Dhjhldb_ � lhggu � gZ � ����� ]Zeehgh\ � KR: � ijb

���)� b � gZ � [Zjj_ev � KR: � ijb � ���)� k � mq_lhf

hlghkbl_evghc �iehlghklb �������)

XI/XII

28 =Zeehgu � KR: � ijb � ���)� b � [Zjj_eb � KR: � ijb

���)� gZ � dhjhldb_ � lhggu � k � mq_lhf

hlghkbl_evghc �iehlghklb �������)

XI/XII

29 >ebggu_ � lhggu � gZ � ����� ]Zeehgh\ � KR: � ijb

���)� b � [Zjj_ev � KR: � ijb � ���)� k � mq_lhf

hlghkbl_evghc �iehlghklb �������)

XI/XII

30 =Zeehgu � KR: � ijb � ���)� b � [Zjj_eb � KR: � ijb

���)� gZ � ^ebggmx � lhggm � KR: � k � mq_lhf

hlghkbl_evghc �iehlghklb �������)

XI/XII

31 Dm[bq_kdb_ � f_lju � ijb � ���&� gZ � dhjhldmx

lhggm � b � gZ � ^ebggmx � lhggm � k � mq_lhf

hlghkbl_evghc �iehlghklb �������)

XI/XII
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Ghf_jZ  lhfh\Ghf_j
lZ[ebpu

GZbf_gh\Zgb_

G_f_ljb-
q_kdb_

_^bgbpu

F_ljb�

q_kdb_

_^bgbpu

33 Mf_gvr_gb_ � m^_evgh]h � \_kZ � ijb � ���)� ^ey

k`b`_gguo � g_nlyguo � � ]Zah\ � b � gZlmjZevgh]h

[_gabgZ

4 )

34 Mf_gvr_gb_ � h[t_fZ � ijb � ���)� k � � mq_lhf

m^_evghc � kbeu � ly`_klb � ������)� ^ey

k`b`_gguo �g_nlyguo �]Zah\

4 )

51 Iehlghklv � ijb � ���&� ijb � kbe_ � ly`_klb � ih � $3,

ijb � ���)� b � ijb � hlghkbl_evghc � iehlghklb

60/60°F

XI/XII 3 )

52 ;Zjj_eb � KR: � ijb � ���)� \ � dm[bq_kdbo � f_ljZo

ijb � ���K � b � dm[bq_kdb_ � f_lju � ijb � ���&� \

[Zjj_eyo � KR: � ijb � ���)� k � mq_lhf � iehlghklb

ijb ����&

XI/XII 3 )

��: KujZy � g_nlv .� IhijZ\dZ � gZ � hij_^_ey_fmx

iehlghklv �ijb �iehlghklb �ijb ����&

VII 3 )

��< G_nl_ijh^mdlu .� IhijZ\dZ � � gZ � hij_^_ey_fmx

iehlghklv �ijb �iehlghklb �ijb ����&

VII I 3 )

53D KfZahqgu_ � fZkeZ .� IhijZ\dZ � gZ � hij_^_ey_fmx

iehlghklv �ijb �iehlghklb �ijb ����&

XIV

��: KujZy � g_nlv .� IhijZ\dZ � gZ � h[t_f � ijb � ���&� k

mq_lhf �iehlghklb �ijb ����&

VII 3 )

��< G_nl_ijh^mdlu .� IhijZ\dZ � gZ � h[t_f � ijb � ���&

k �mq_lhf �iehlghklb �ijb ����&

VII I 3 )

��K VCF1 )� ^ey � hl^_evguo � b � ki_pbZevguo

ijbf_g_gbc � � IhijZ\dZ � gZ � h[t_f � ijb � ���&� k

mq_lhf � dhwnnbpb_glh\ � l_ieh\h]h � jZkrbj_gby

ijb ����&

IX

54D KfZahqgu_ � fZkeZ .� IhijZ\dZ � gZ � h[t_f � ijb

���&�k �mq_lhf �iehlghklb �ijb ����&

XIV

56 Dbeh]jZffu � gZ � dm[bq_kdbc � f_lj � ijb � ���&� b

dm[bq_kdb_ � f_lju � ijb � ���&� gZ � f_ljbq_kdmx

lhggm �k �mq_lhf �iehlghklb �ijb ����&

XI/XII 3 )

57 Dhjhldb_ � lhggu � b � ^ebggu_ � lhggu � gZ

dm[bq_kdbc �f_lj �ijb � ���&�k �mq_lhf �iehlghklb

ijb ����&

XI/XII 3 )

58 =Zeehgu � KR: � ijb � ���) ,  [Zjj_eb � KR: � ijb

60°F gZ � f_ljbq_kdmx � lhggm � k � mq_lhf

iehlghklb �ijb ����&

XI/XII 3 )

���9&)�±�ihijZ\hqguc�dhwnnbpb_gl�d�\_ebqbg_�h[t_fZ

2) ��^ebggZy�lhggZ�KR:�� ����^ebggZy�lhggZ�<_ebdh[jblZgbb� �������nmglh\

3)>ey�jZkrbj_gby�^bZiZahgZ�iehlghklb�wlbo�lZ[ebp�gb`_�agZq_gbc��mdZaZgguo�\������kf�����

4) <dexq_gu�\�LZ[ebpu�baf_j_gbc ASTM-IP iZjZf_ljh\�g_nlb� ��:f_jbdZgkdh_�h[s_kl\h�bkiulZgbc�b

fZl_jbZeh\��NbeZ^_evnby���������J_ijbglu�lZ[ebp����b����fh`gh�ihemqblv�ba�ASTM.
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